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In  tho  last  fan  years  wo  observed  an  increase  of  sickness  due  to  food 
poisoning,  in  which  the  pathogenetic  factors  were  enter© toxic  ataphylococoi. 
This  beoaae  the  subject  of  a  number  of  publications:  Bargdoll  (6),  Bur- 
bianka  and  associates  (9),  Feig  <13).  Kosariwa  and  associates  (18) ,  Alaska 
(25)  •  Sedlak  (28).  At  the  sane  tine,  studies  were  asde  to  obtain  entero- 
toxln  in  a  pure  form  and  its  compositions  with  ani.no  adds.  Hlbnick  and 
Bergdoll  (16),  who  described  the  properties  of  purified  enterotoxin  (aole- 
cular  weight  24,000  -  3.000),  identified  18  anino  aoids  in  its  composition. 
Studies  carried  out  in  subsequent  years  showed  that  entero toxins  are  non- 
hoaogeneous  in  terns  of  their  antigsnio  property.  Casnann  and  associates 
(10)  oonflraed  the  existence  of  at  least  two  toxlo  proteins  which  they  des¬ 
ignated  as  A  and  B. 

Studies  of  the  neohanlsn  of  the  affects  of  staphylococcal  enterotoxin 
on  the  organise  (Beyliss  [4],  Anderson  and  associates  [1],  Richmond  and 
associates  [2?],  Lavargne  and  associates  [19])  encountered  difficulties  so 
far  both  because  of  a  lack  of  a  preparation  which  would  be  sufficiently  pure 
as  well  as  because  of  the  shortage  of  appropriate  indices  whloh  would  provide 
information  about  the  distribution  of  the  enterotoxin  in  the  organism.  Nor 
were  there  any  studies  node  of  the  degree  to  which  entero  toxins  are  absorbed 
orally,  and  of  the  speed  and  the  way  in  which  they  are  eliminated  from  the 
organism. 

The  narking  of  staphyloooooal  enterotoxin  by  radioactive  iodine  was 
designed  to  oreate  more  favorable  conditions  in  the  actual  research  to  olarlfy 
the  problems  under  discussion. 
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A a  a  type  of  oontrol,  wo  alao. carried  out  studies  to  determine  the 
distribution  and  sxorotion  of  human  i<J-4lhnsin  in  robbits. 

Materials  and  tUthnda 

1.  Marking  of  Staphyloooooel  Entero toxin  by  Radioactive  Iodino 

In  order  to  nark  the  ontoro toxin  'ey  radioactive  iodine*  we  used 
an  entero toxin  of  the  B  type  which  was  obtained  froa  Dr.  Bergdoll  of  the 
food  Research  Institute  at  the  University  of  Chicago.  The  narking  of  the 
entero toxin  by  radioactive  iodine  was  done  by  naans  of  a  nodlfied  nethod  of 
Masouredis  (20,  21): 

a)  1.7  ng  of  entero toxin  was  dissolved  in  1  el  of  glycol  buffer. 

b)  Solution  of  isotope:  1  «1  of  N*  J  XI  with  total  activity  of 
650, a  C  were  added  to  0.12  al  of  the  oarrier  (consisting  of  100  si  of  a 
solution  which  included  55  mg  of  KI  and  25  ng  KIO3) .  Then  we  nixed  both 
solutions  and  left  then  at  the  rooa  temperature  for  a  period  of  30  minutes, 
and  the  resulting  preparation  was  subjeoted  to  a  dialysis  in  the  presence 
of  0.1  M  of  phosphate  buffer.  The  resulting  narked  entero  toxin  had  the 
following  characteristics:  characteristic  activity  60 /‘C/*^  of  entero toxin, 
activity  of  the  solution  59,  091,  200  isf>/ain/al,  measured  by  a  scintilla t- 
ins  dhaaber  counter,  concentration  of  protein  1.36  ag/nl,  the  aaount  of 
AJXI  not  oonblned  with  the  protein  was  2£,  nuaber  of  a tons  of  I  corres¬ 
ponding  to  a  aolecule  of  entero toxin  —  1.1. 

The  narking  of  staphyloooccel  entero toxin  by  radioactive  iodine 
was  done  at  the  Departnent  of  Radiobiology  and  Health  Protection  of  the 
Ruolear  Research  Institute  in  Warsaw. 

2.  Hunan  Albumin  Masked  by  Radioaotive  Iodine 

Albumin  obtained  froa  the  Ruolear  Research  Institute  at  Swlerk 
was  a  Si  solution  at  huaan  albumin  narked  by  in  a  physiological  solu¬ 
tion  of  salt.  The  1  sotonic  preparation  contained  27  ag/al  of  albualn.  The 
oontent  of  non-ooablned  iodine  was  1.90, 

3.  Measurement  of  Distribution  of  Entero  toxin  Marked  by  Iodine  in 

Reds 

Staphyloooccal  entero toxin  Marked  by  radioactive  iodine  was  ad¬ 
ministered  orally  or  intravenously  to  animals  (always  by  the  vein  on  the 
rim  at  the  earlobe).  Then  the  animals  were  placed  separately  in  aetabolic 
cages  which  aade  it  possible  to  collect  separately  the  urine  and  the  excreta. 
After  a  period  of  tine  which  was  determined  for  individual  experimental 
groups,  the  rabbits  were  put  to  sleep,  and  samples  were  taken  for  studies 
from  the  following  material:  blood,  intestines,  lungs,  kidneys,  spleen, 
brain,  skin  of  the  thin  and  large  intestines.  The  amount  of  the  material 
was  aeasured  exactly  and  placed  in  appropriate  oentelners  which  were  filled 
with  a  30 i  solution  of  MaflB  to  3  ml  for  purposes  of  bonoganisatioa.  The 
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H  activity  of  gamma  radiation  of  tha  samples  under  study  was  aarkad  by  aaana  of 
a  aat  which  counted  in  tha  scintilla ting  counter  for  gan»a  radiation  with  tha 
application  of  tha  followii^:  1)  scintillating  sound  with  photoduplloator 
RCA  6655.  2)  scintillating  wall  crystal  "2x"  of  tha  80S  type,  3)  alactronlo 
sat  of  tha  Traoarlab.  SC-57  type,  4)  alactronlo  ooayuter  of  tha  PB<-5  type. 

Progress  of  Experiments  and  Results 

In  each  of.  the  groups  under  study  wa  used  6  rabbits  which  received 
staphylococcal  1^LJ-antarotoxin  In  dasas  of  13.5-  C/kg.  The  radioactivity 
of  the  organs,  blood,  urine,  and  excreta- was  noted  after  6  and  18  hours  and 
after  the  2nd,  4th,  6th,  and  8th  day  after  tha  administration  of  tha  labeled 
entaro toxin. 

Distribution  and  excretion  of  ^T-labaled  stapfayloooooal  sn taro  toxin 
administered  orally  to  rabbits. 

After  oval  adalnl  stration  wa  found  In  tha  blood  (1  al  of  tha  notarial 
under  study)  0.009$  of  tha  adnlnl stored  dose  after  6  hours.  The  radioactlv- 
lty  of  blood  continued  to  increase  In  the  following  days,  and  on  tha  4th  day 
of  tha  test  it  aaounted  to  0.03$  of  tha  adsdnistered  dose, 

Tha  radioactivity  of  urine  aaounted  to  0.015%  of  the  administered 
dose  as  early  as  after  6  hours,  and  after  18  hours  it  Increased  to  0.209%. 

In  tha  oourse  of  tha  following  days  wa  observed  a  decrease  of  radioactivity, 
and  on  tha  8th  day  tha  urine  contained  0.014$  of  the  dose. 

M 

^  Kidneys  showed  the  highest  degree  of  radioactivity  after  18  hours, 

the  lining  of  stonach  showed  the  naxinua  radioactivity  in  the  oourse  of  the 
first  18  hours  (0.065$-0.06l$  of  the  administered  dose).  The  thin  intestine 
showed  a  similar -but  lower  value  after  6  hours  from  the  administration  of 
staphylococcal  A-uJ-entarotox±n  (0.036%),  and  the  same  applies  to  the  large 
intestine.  The  degree  of  radioactivity  of  the  spleen  was  low  (up  to  0.007$) . 
The  brain  tissue  also  showed  a  low  value  of  radioactivity  after  6  hours 
(0.004$  of  the  administered  dose),  and  It  increased  only  in  the  oourse  of 
the  following  days. 

The  radioactivity  of  the  exoreta  on  the  2nd  day  of  the  study  amounted 
to  0.162$  of  the  administered  dose,  and,  on  the  4th  day  it  increased  to  0.219$. 
In  the  oourse  of  the  following  days  tha  radioactivity  gradually  decreased. 


Figure  1.  Degree  of  Radioactivity  of  Material  After  Oral  Adminis¬ 
tration  of  ^I-labeled  Staphylococcal  &itero toxin  to 
Rabbits.  Doses:  JJAI-labeled  staphylococcal  sn taro toxin 
in  doses  of  13,5  C/kg  administered  orally. 

*4F«  *  of  administered  dose,  b  —  Day  of  adalnl stration  of 

^^I-labslod  stapfayloooooal  an  taro  toxin.  1  —  Exoreta.  2  — 
Large  intestine.  3  —  Liver.  4  —  Snell  intestine.  5  —  Lungs. 
6  —  Kidnap.  7  —  Stomach.  8  —  Bile.  9  —  Urine.  10  — 

Blood.  11  —  Brain.  12  —  Spleen. 
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Figure  1  gives  a  graphic  presantation  of  tha  raaulta  mentioned  above. 
The  results  are  oosputad  in  paroent  of  the  dose. 


Distribution  and  excretion  of  ^^l-labeled  staphyloooooal  entero toxin 
administered  intravenously  to  rabbits. 

After  intravenous  administration  of  labeled  entarotoxLn.  it  was  found 
that  blood  contained  0.068£  of  the  administered  dose  after  6  hours.  IXiring 
the  subsequent  period  the  radioactivity,  of  the  material  decreased,  and  on 
the  8th  day  it  amounted  to  0.026£  of  the  administered  dose  ic  1  ml  of  blood. 

The  radioactivity  of  the  brain  amounted  to  0.1875*  of  the  administered 
dose  as  early  as  after  6  hours,  and  after  18  hours  it  increased  to  0.352%. 

In  the  oourse  of  the  following  day  the  radioactivity  of  urine  gradually  de¬ 
creased.  Liver  showed  the  highest  degree  of  radioactivity  18  hours  after 
intravenous  administration  of  labeled  entero toxin. 

Figure  2.  Degree  of  Radioactivity  of  Material  After  Intravenous  Ad- 
ministration  of  <kUI-labeled  Staphyloooooal  Bitero toxin 
to  Rabbits.  Doses i  i>LI-labeled  staphyloooooal  so taro toxin 
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in  doses  of  13.5  C/kg  administered  intravenously. 
i«ars  a  --  *  of  administered  dose,  b  —  Day  of  administration  of 

^^■I-labeled  staphylococcal  entero toxin.  1  —  Excreta.  2  — 
Large  intestine.  3  —  Liver.  4  —  Small  intestine.  3  — 
Longs.  6  —  Kidnsy.  7  —  Stomach.  8  —  Bile.  9  —  Urine. 
10  —  Blood.  11  —  Brain.  12  —  Spleen. 


Stomach  showed  a  high  degree  of  radioactivity  ~  0.077 *  as 
after  6  hours,  and  after  18  hours  the  radioaotivity  of  the  stomach  wall  in¬ 
creased  even  higher  up  to  0.159*.  The  radioactivity  remained  within  those 
limits  on  the  second  day  of  the  study.  The  small  and  large  intestines 
showed  similar  values. 

A.  low  degree  of  radioaotivity  was  found  in  the  spleen.  No  increase 
of  radioaotivity  was  observed  in  the  brain  tissue,  which  after  6  hours  con¬ 
tained  0.013*  of  the  administered  dose,  and  the  magl»»n  radioactivity  oc¬ 
curred  after  18  boors  with  0.016*  of  the  dose. 
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Radioactivity  of  th«  excreta  of tor  18  hour*  contained  O.O65I  of  tho 
dose,  it  continued  to  inoreese  during  the  following  days,  and  the  *Miia 
vein*  was  reached  on  the  6th  day  of  the  study,  naaely  0.398£  of  the  dose. 

The  results  given  above,  ooeputed  in  teres  of  peroent  of tho  dose, 
ere  given  in  the  fora  of  a  graphic  presentation  in  figure  2. 

Distribution  and  excretion  of  ^I-labeled  albuaen  in  rabbits. 

Hunan  albumin  was  administered  intravenously  and  also  in  doses  of 
13.5  C/kg.  After  adoinistratlon  of  the  labeled  albumin,  the  radioactivity 
of  blood  aaounted  to  0.351/t  of  the  dose  after  18  hours,  and  in  the  course 
of  the  following  days  it  gradually  decreased.  On  the  8th  day  of  the  etudf 
the  radioactivity  of  1  al  of  blood  under  study  still  aaounted  to  O.lhhjt  of 
the  adalnistered  dose. 

Radioactivity  of  urine  after  18  hours  aaounted  to  0.017%,  but  on  the 
following  day  it  increased  to  as  auoh  as  0.177%  of  the  dose  and  it  oontinued 
approximately  at  the  saae  level  in  the  course  of  the  following  2  days. 

The  radioactivity  of  the  liver  reached  its  as  si  ana  on  the  2nd  day 
of  the  study. 

The  degree  of  radioactivity  of  the  stoaaoh  wall,  snail  and  large 
intestines  took  approximately  the  eaae  course  end  thawed  e  relatively  low 
value. 

Low  activity  wae  also  found  in  the  spleen  and  in  the  brain  tissue. 
Excreta  reached  — radioactivity  on  the  6th  day  after  administration 
at  ^^I-labeled  albuain  (0.087^  of  the  administered  dose) . 

A  graphic  presentation  of  the  above  results  le  given  in  Figure  3. 
which  gives  figures  ooeputed  in  peroent  of  the  dose. 

Figure  3.  Degree  of  Radioactivity  of  Material  After  Intravenous 
Administration  of  J  l-Albumin  adalnistered  to  Rabbits. 
Doses 1  AJXI-labeled  staphylococcal  entero toxin  in  doses 
of  13.5  C/kg  administered  Intravenously. 

Key:  a_T-  %  of  adalnistered  dose,  b  —  Day  of  administration  of 
I^1I_*lbum.n.  1  —  Excreta.  2  —  Large  intestine.  3  — 

Liver.  4  —  Saall  intestine.  5  —  long*.  6  —  Kldnsy. 

7  —  stoaaoh.  8  —  Bile.  9  —  Brine.  10  —  Blood.  11  — 
Brain.  12  —  Splaen. 


When  we  use  staphylococcal  anterotoxln  label ad  by  radioactive  iodine, 
we  mist  discuss  the  Influence  of  iodise tion  on  the  preservetion  of  biologloel 
chereoterlstlcs.  This  problem  hes  not  been  studied  before  end  cen  be  exmm- 
ined  only  on  the  besls  of  litereture  which  deelt  with  the  Influence  of  radio¬ 
active  Iodine  on  other  bacteria  toxins.  Long  assumes  on  the  basis  of  his 
studies  that  toxins  narked  by  radioeotive  Iodine  do  not  change  their  bio¬ 
logical  charaoter,  even  though  they  nay  change  physically  or  chenicjlly. 
Kausouredls  emphasises  the  fact  that  when  we  Introduce  one  atom  of  I  in 
one  molecule  of  diphtherial  toxin  and  carry  out  that  reaction  at  pH  7.5,  he 
did  not  notice  any  loss  of  toxloity  and  there  were  no  major  immunochemical 
changes  of  the  labeled  albumin.  For  that  raason  wa  should  not  try  to  gat 
labelad  preparations  with  high  activity  of  their  own  (Belabor  [5]»  Chagas 
[11] .  Grobsanakiy  and  assoc  la  tas  [14],  Danomri.es  [12]). 

131j(  which  was  ralaasad  from  albumin  combinations  In  oatabolie  pro¬ 
cesses  was  found  sxolusively  in  the  form  of  free  iodine  (Bamaby  and  assoolates 
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^  [3],  MoFarlane  [22]). 

In  the  actual  studies  tbs  process  of  iodising  of  staphylococcal  enter* 
o toxin  was  carried  out  at  pH  7.5.  On  the  other  hand,  the  number  of  a toes  of 
I  which  corresponded  to  the  Molecule  of  the  entero toxin  was  1.1. 

As  a  result  of  the  above  data  we  ean  assume  that  the  physical-chemical 
properties  of  entero toxin  were  not  subjected  to  any  major  changes  and  the 
labeled  albumin  corresponded  to  the  physiological  conditions. 

Radioactive  iodine  is  built  during  the  iodisation  process  into  thyro jo¬ 
ins,  which  Is  a  component  of  staphylococcal  entero toxin  (Broda  f  8"),  Rapoport 
[26],  Karlson  [17]). 

Ill 

Studies  concerning  the  degree  of  absorption  of  I-entero toxin 

through  the  mucous  membrane  of  the  digestive  tract  and  its  distribution  in 
the  rabbits  when  administered  orally  shows  that  its  concentration  is  rela¬ 
tively  low  in  the  blood.  There  was  also  a  low  degree  of  radioactivity  in 
the  lungs,  liver,  spleen,  and  brain  tissue.  On  the  other  hand,  a  higher  de¬ 
gree  of  radioactivity  was  found  in  the  stomach  wall- _ in  the  walls  of  the 
small  and  large  intestine.  This  may  indicate  that  l-entero toxin  has  a 
considerable  affinity  to  those  tissues.  If  we  use  the  T  test  by  Student,  we 
find  that  the  difference  in  the  distribution  of  radioactive  combinations  in 
those  organs  are  statistically  significant  [p  (tl>  t©)  >  0.01]. 

Excretion  of  staphylococcal  entero toxin  marked  by  radioactive  iodine 
a  through  urine  started  as  early  as  after  6  hours  and  readied  the  maximum  de> 
V  gree  after  IB  hours. 

In  the  ease  of  intravenous  administration  of  ^"I-entero toxin  to 
rabbits,  it  was  found  that  tha  blood  contained  a  higher  degree  of  radio¬ 
activity  than  in  tha  oaso  of  oral  administration.  Increased  radioactivity 
was  also  found  in  the  stomach  wall  and  in  the  walls  of  the  small  and  large 
Intestine.  Excretion  of  marked  entero toxin  through  the  feoes  started  as 
early  as  after  the  2nd  day. 

The  mechanism  of  the  effects  of  staphylococcal  entero toxin  on  an 
organ  have  not  been  explained  as  yet,  and  the  results  of  the  studies  are  not 
always  in  agreement. 

Anderson  (1)  and  Anderson  and  associates  (2)  found  that  isolated  sec¬ 
tions  of  intestines  ware  more  oontreotable  under  the  influence  of  the  snter- 
o toxin. 


Richmond  end  associates  (2?)  believe  that  tha  increase  of  contra ot- 
abillty  of  an  isolated  intestine  of  rabbits  under  the  influence  of  sntero- 
toxin  may  oorre spend  to  the  contraction  of  intestines  in  humans  in  oase  of 
poleonii^  by  an tero toxin. 

Lavsrgne  and  associates  (19)  otae  to  the  conclusion  on  the  bests  of 


^  their  studies  that  pathologioal  phenomena  in  oases  of  staphylococcal  food 
4*  poisoning  do  not  reflect  a  direct  Influence  of  the  enterotoxln  on  the  diges¬ 
tive  tract. 

Beyliss  (4)  and  Moser  and  associates  (23)  believe  that  the  sudden 
vomiting  during  that  stage  of  food  poisoning  is  related  to  the  effects  of 
the  enterotoxln  to  the  vomitive  center.  That  reaction  is  supposed  to  be  a 
reflex. 

In  the  opinion  of  Bay lisa  (4) „  enterotoxln  affects  these  terminal 
cells  of  the  sensory  nerves,  primarily  In  the  small  Intestine.  The  Irri¬ 
tation  is  supposed  to  be  transferred  through  the  sensory  fibers  of  the  poi¬ 
soned  nerve  to  the  vomitive  center,  and  then  through  the  mobile  fiber  of  the 
sensory  system  to  the  muscles  of  the  esophagus,  stomach,  and  diaphragm. 

In  our  own  studies  we  found  that  there  Is  a  low  and  even  degree  of 
radioactivity  of  the  brain  tissue  In  rabbits  which  receive  labeled  entero¬ 
toxln.  These  results  suggest  that  enterotoxln  does  not  show  any  troplsm  to 
the  brain  tissue,  even  though  we  cannot  exclude  the  possibility  that  the 
brain  tissue  Is  more  sensitive  even  to  a  low  concentration  of  enterotoxln. 

It  may  be  useful  to  determine  the  threshold  of  sensitivity  of  the  brain  tissue 
to  enterotoxln  in  order  to  explain  this  problem  more  accurately. 

131 

Control  studies  Involving  Intravenous  administration  of  1-albumin 
to  rabbits  have  shown  that  such  albumin  appears  in  the  blood  In  a  relatively 
low  concentration.  Among  the  internal  organs,  the  following  showed  the  hlgh- 
-  est  radioactivity:  kidneys,  liver,  and  lungs.  On  the  other  hand,  a  low  de- 
£  gree  of  radioactivity  was  found  In  the  vails  of  stomach,  small  and  large  In¬ 
testines,  and  brain. 

As  demonstrated  fay  Ifyant  ancL  associates  (24),  Helmkamp  and  associates 
(15)  and  Birke  and  associates  (7),  ^I-gammaglobulin  In  human  beings  acts 
in  a  similar  way  to  albumin. 

Conclusions 
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1.  I-labeled  staphylococcal  enterotoxln  administered  to  rabbits 
either  orally  or  intravenously  shows  an  affinity  to  the  wall  of  stomach, 
small  and  large  intestines,  as  shown  by  the  high  degree  of  radioactivity 
of  those  tissues. 

2.  Labeled  enterotoxln  appears  In  a  relatively  small  concentration 
in  blood,  and  it  is  eliminated  from  the  organism  primarily  through  the  urine. 

3.  Studies  which  have  been  carried  out  did  not  indicate  ary  increased 
. troplsm  of  the  enterotoxln  to  the  brain  tissue. 

4.  Control  studies  involving  the  use  of  labeled  human  albumin  in 
rabbits  showed  e  high  degree  of  concentration  of  such  albumin  in  the  blood, 
lungs,  liver,  end  kidneys.  On  the  other  hand,  the  tests  did  not  show  any 


-  9  - 


(  Increased  affinity  of  -albumin  to  the  walls  of  the  stoaaoh,  fall  and 
large  intestines. 
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